In this paper we investigate the observer design for Single-Input Single-Output (SISO) systems with unknown input. We find that the design conditions proposed by several authors in the past lead to unity relative degree of the plant and zeros of the plant in the open left half of the complex plane, for SISO systems. In other words an observer for a SISO plant with unknown input can be designed if and only if the plant is of unity relative degree and the numerator of the transfer function is Hurwitz. These conditions have an interesting consequence in the context of model reference adaptive control (MRAC) for the case of relative degree one, in the sense that strictly real positive (SPR) condition for the model reference is not needed.
Introduction
The design of state observers with unknown inputs is a topic of great importance in several control applications in which these unknown inputs represent external unmeasurable disturbances. It is of special interest in the case of fault-diagnostic observers and decentralized observers.
Since the concept of observability of linear time-invariant systems with unknown inputs was introduced (Basile & Marro, 1969) , several papers have been published on this subject (Yang & Wilde, 1988; Kurek, 1983; Kobayashi & Nakamizo, 1982; Kudva et al., 1980; Meditch & Hostetter, 1974; Johnson, 1975; Wang et al., 1975) proposing different methods of solution for multivariable systems, leading to some conditions that have to be satisfied by the plant in order to get a successful observer design. Even recently, some papers have been published on this subject (Guan & Saif, 1991; Hou & Miller, 1992; Darouach et al., 1994; Tsui, 1996; Valcher, 1999) indicating the importance of this theme.
In this paper we analyse the design of observers for SISO systems with unknown inputs. Following the method proposed by Wang et al. (1975) (although some of the other proposed methods cited in the references could have also been used) we conclude that the observer design can only be done for plants of unity relative degree and with asymptotically stable zeros.
In Section 2 we state the general problem of designing SISO observers with unknown input relating the design conditions with some plant properties. Finally, some conclusions are drawn in Section 3.
Observer design
Let us consider a SISO, time-invariant, strictly proper, nth-order plant, formulated in state variables asẋ
Let us assume that the plant is observable and then matrices A, b, c can be written as
Let us assume that the input u(t) is unknown (cannot be measured) and we want to observe (estimate) the state vector x(t) for any instant of time. This problem has been solved by several authors in the past (Yang & Wilde, 1988; Kurek, 1983; Kobayashi & Nakamizo, 1982; Kudva et al., 1980; Meditch & Hostetter, 1974; Johnson, 1975; Wang et al., 1975; Guan & Saif, 1991; Hou & Miller, 1992; Darouach et al., 1994; Tsui, 1996; Valcher, 1999) . The additional difficulty with respect to the standard Luenberger observer design is the fact the input to the system is unknown.
To get around this problem we choose the results by Wang et al. (1975) . In this sense we build a state observer for system (1) as follows.
Applying a linear state transformation defined as
then (1) can be written as
where
The state observerβ(t) of α(t) is then defined by the following expression:β
where T = [t n−2 , t n−3 , . . . , t 1 , t 0 ] T ∈ R n−1 is a constant vector chosen by the designer satisfying the following two conditions (Wang et al., 1975) :
From (2) and (3) we can identify the following vectors and matrices:
Condition (i) means that the matrix
be asymptotically stable. Condition (ii) means that
From (6) Summarizing, conditions (i) and (ii) are satisfied by vector T if and only if the system is of unity relative degree (b n−1 = 0) and the numerator of the transfer function is Hurwitz (matrix K 4 − T K T 2 is asymptotically stable). It is important to note here that many other conditions given by several authors to design observers with unknown inputs, in the case of SISO plants lead to the same conclusions we have exposed here for the design of Wang et al. (1975) . That is the case of the works of Hou & Miller (1992) , Tsui (1996) , Darouach et al. (1994) and Kurek (1983) , etc.
Conclusions
A relationship between the observer design conditions and the plant properties has been found for the design of observers of SISO systems with unknown input. I has been established that the observer design is possible only if the plant is of relative degree one and its zeros are located in the open left half of the complex plane. Although the study was done using one particular design methodology (Wang et al., 1975) we have verified that the same conclusions can be drawn by using any of the other design methodologies available and indicated in the references.
One of the most important consequences of this result in the case of MRAC is that the SPR condition for the model reference is not needed and the solution of the MRAC can be done using observers with unknown inputs (Duarte-Mermoud & La Rosa, 2002) .
